Abstract Pulmonary embolism (
Introduction
Pulmonary embolism (PE) is one of the most frequent causes of mortality following total hip and knee arthroplasty (THA, TKA) [19] . Much effort has been spent to decrease the prevalence of venous thrombosis and PE through the use of pharmacological and other perioperative interventions [25, 26] . Despite the efforts to lower the risk of venous thromboembolic events, the effectiveness of these interventions in reducing their incidence and all-cause mortality remains controversial [25, 26] .
The current American College of Chest Physician Guidelines proposing routine use of powerful anticoagu-lants [8] failed to prove a reduction in all-cause mortality [25, 26, 28] , and their implementation in orthopaedic patients has led to high rates of local complications including bleeding, infection, and re-operation [5, 6, 20, 23] . Recently, the American Academy of Orthopaedic Surgeons released new guidelines for the pharmacological prophylaxis of venous thromboembolism following total joint arthroplasty. These guidelines limit the use of potent anticoagulation based on the preoperative stratification of the patient's individual risk for venous thromboembolism and bleeding [21] .
The risk factors for venous thromboembolism that have been adopted by the orthopaedic community are based on large medical studies with little focus on specific surgical procedures [3] . Moreover, because of its relatively low incidence it is difficult to access a large enough sample of orthopaedic patients who developed postoperative PE in order to accurately assess the role of individual perioperative predisposing factors. Current studies, with large series but low number of patients suffering from venous thromboembolism, are available from single and specialised institutions where demographics and epidemiology are often unique [2, 4] . Thus, these studies are limited in their ability to provide nationally representative data for patient risk stratification.
To overcome this limitation we analysed data from a national database and attempted to answer the following questions. (1) What are the characteristics of patients who developed an in-hospital PE after total joint arthroplasty? (2) What are the perioperative risk factors associated with the development of in-hospital PE after THA and TKA?
Materials and methods
The National Hospital Discharge Survey (NHDS) NHDS multi-year data files were obtained from the Centers of Disease Control and Prevention, Atlanta, GA. The plan and operation of the NHDS has been published in detail [24] . In summary, the NHDS includes medical information collected annually since 1965 by the National Center for Health Statistics with the purpose of compiling nationally representative data on inpatient use of shortstay hospitals. The hospital universe includes Medicare participating hospitals, non-institutional hospitals of various sizes, exclusive of military, Veterans Affairs, and federal facilities in the 50 states and the District of Columbia. Hospitals included in the survey are required to have an average length of stay of less than 30 days to be considered short-stay, or to be a general medical or surgical hospital, regardless of length of stay. Facilities are also required to have at least six beds for patient use.
Periodic updates of the hospital universe are performed to account for changes.
The NHDS uses a battery of procedures to ensure accurate, nationally representative sampling. Information collected in the survey includes diagnosis and procedure codes (ICD-9-CM), as well as patient and hospital characteristics. Weighted data, with weights derived from census information, were provided by the NHDS to generate unbiased national estimates from the sample (1% of all hospital discharges in the US).
We and others have used the NHDS extensively to analyse data associated with a wide range of procedures across a variety of medical specialties [24] . Using similar methodology we have reported on the trends of total knee replacements in the United States [15] , we have explored the safety of bilateral total knee replacement surgery [16] , and we have reported on the predisposing factors for mortality after surgery.
Patient selection and analysis
Data collected for each year between 1990 and 2004 were obtained, read into a statistical software program (SAS version 8.2, SAS Institute, Cary, NC), and analysed. Discharges with a procedure code (ICD-9-CM) for primary or revision THA (81.51 and 81.53) and TKA (81.54 and 81.55) were identified and included in the analysis. Two study groups were created: (1) patients without a diagnosis of PE (pulmonary embolism; ICD-9-CM, 41.51) and (2) patients who had a diagnosis code for PE listed during their hospital stay. Patient demographics (age, gender, race, disposition status, length of hospital stay, and prevalence of comorbidities) were evaluated for each group. Frequencies of procedure-related complications were analysed by determining cases that listed ICD-9-CM diagnosis codes indicating complications of surgical care and medical care affecting specified body systems. In addition, the prevalence of selected adverse diagnoses, including peripheral thrombotic events, respiratory insufficiency after trauma or surgery/ARDS, and psychosis, using appropriate ICD-9-CM diagnosis codes were studied. Comorbidities were analysed by determining the prevalence of diabetes mellitus, cerebrovascular disease, pulmonary disease, renal disease, coronary artery disease, obesity, and dementia. ICD-9-CM diagnosis codes included for determining the presence of comorbidities and adverse diagnoses are listed in the Appendix. Differences in the incidence of in-hospital PE between procedure subtypes were also assessed. Subsequently, multivariate regression analysis was performed and odds ratios and 95% confidence intervals were calculated to determine if perioperative factors, including patient demographics, the presence of comorbidities, the occurrence of complications, and the type of procedure were associated with increased risk of in-hospital PE.
Statistical analysis
The significance of differences between groups was assessed using Z-scores for categorical variables and a general linear model for continuous variables. In order to set stricter standards and account for the power introduced by the large weighted sample size in our analysis, we chose a p value of 0.001 to define significance. For multivariate logistic regression, variables included in the model were: procedure type, age, gender, comorbidities, and complications. Three five-year periods of interest (1990-1994, 1995-1999, and 2000-2004) were also included in the model to account for a potential temporal impact on the outcome.
Results
An estimated total of 6,901,324 primary and revision THA and TKA procedures were identified in the NHDS between 1990 and 2004 (primary THA 33.16% and revision THA 6.47%; primary TKA 55.50% and revision TKA 4.91%). The incidence of in-hospital PE was 0.36% (primary THA 0.33% and revision THA 0.39%, primary TKA 0.41% and revision TKA 0.17%). The incidence was 0.39% between 1990 and 1994; 0.30% between 1995 and 1999; and 0.40% between 2000 and 2004.
Patients with a PE were on average 1.2 years older and had an almost twice as long hospital stay compared to the total estimated patient sample. Women were overproportionally affected by PE compared to men. While for a large number of patients an entry for the category race was not available, the incidence of PE among black patients was proportionally higher compared to their share of total procedures (Table 1) .
Patients with the diagnosis of PE were more frequently discharged to a long-or short-term care facility versus their primary residence. Mortality was significantly higher among patients with the diagnosis of PE. The prevalence of obesity, cerebrovascular disease, pulmonary disease, renal disease, and dementia was higher among patients suffering from a PE (Fig. 1) .
A higher incidence of procedure-related complications and peripheral thrombotic events, respiratory insufficiency after trauma or surgery/ARDS, and psychosis were associated with PE (Fig. 2) .
In the multivariate regression analysis (Table 2) , an increased risk for the diagnosis of PE was found for revision THA and primary TKA as compared to primary THA procedures. The age group with the highest risk for PE was 45-64 years. In addition, the odds for a diagnosis of PE were increased for females vs. males, and for black vs. white patients. Comorbidities associated with an increased risk for PE after THA and TKA were dementia, obesity, renal and cerebrovascular disease. The highest odds for PE however, were associated with complications and adverse events, including ARDS, psychosis (confusion), peripheral thrombotic events, procedure related infections, and respiratory complications. The odds for PE as a diagnosis during hospitalisation for lower extremity arthroplasty were slightly higher in the most recent time period studied as compared to the 1990s.
Discussion
Using a nationally representative patient sample containing data collected over 15 years, we were able to characterise the population with a diagnosis of PE during their hospital stay after THA and TKA, and compare them to those who had no such diagnosis. Further, we identified pre-and postoperative factors associated with the diagnosis of inhospital PE.
Surgical procedure Revision THA and primary TKA were associated with a higher overall incidence and odds of inhospital PE as compared to primary THA and revision TKA even when controlling for multiple covariates ( (0.5% vs. 0.8%) [13] . The reasons for these findings are not fully understood, but may be explained by the different volume of bone marrow entering the cardiovascular system and activating the coagulation cascade. In addition, revision THA often require prolonged fixed positioning of the limb in flexion and internal rotation during femoral work, resulting in prolonged venous stasis [18] .
Age The average age of patients with a diagnosis of PE was 68.8 years. The age group distribution overall was similar among patients with and without the diagnosis of PE. While the incidence of PE was highest in the age group of 65-84 years (65.2% with PE; 61.8% without PE), multivariate regression suggested that the risk was highest among patients aged 45-64 years. However, age by itself has not been consistently identified as a risk factor for the development of PE after total joint arthroplasty [14, 31] .
Gender Female gender was an independent risk factor for the development of PE, confirming reports by other authors [30, 32] . The reasons for this observation remain poorly understood, and further research is necessary.
Race We found an increased risk for the diagnosis of PE among black patients as compared to whites and a decrease in the risk among patients of other races. This is in concordance with previously published studies and population-based data [10, 29] . The lower incidence of PE among Asians and Pacific Islanders (which are categorised under "other" in our study), has been attributed to a lower prevalence of factor V Leiden and other genetic predisposing factors [22] .
Comorbidities We observed that cerebrovascular and renal disease, obesity, and dementia were associated with increased risk of PE. The role of obesity as a risk factor in previous studies has been equivocal [12, 14] . Differences in the definition of obesity and patient populations in published studies have been suggested as reasons for these disparities [14] . Factors that have been suggested to increase the risk for obese patients to develop PE after lower extremity arthroplasty include slow mobilisation time, potential underdosing of anticoagulants, and the ineffectiveness of mechanical compression devices [31] . Interestingly, it has been suggested that obese patients may have a decreased risk of mortality from PE than their non-obese counterparts [1] . The impact of renal insufficiency on the risk for PE after hip and knee arthroplasty is less well studied. A recent study in the general population suggested that the rate of fatal PE is increased with progressive decrease in creatinine clearance [17] . Further, renal failure was identified as a risk factor for VTE in the general postsurgical patient population, including after orthopaedic surgery [7] .
We identified dementia and cerebrovascular disease as independent risk factors for in-hospital PE. While this association remains poorly defined in the orthopaedic literature, research suggests that PE ranks among the top three reasons for mortality among demented patients [11] . While the reasons may seem obvious and may include the increased incidence of immobility associated with cerebrovascular disease and dementia as surrogate markers, further studies defining this relationship are warranted.
Interestingly, the presence of pulmonary disease did not increase the risk of in-hospital PE in our study, and coronary artery disease as well as diabetes mellitus were associated with a decrease in the odds for this outcome. While these findings may at first seem counterintuitive, previous studies have failed to identify diabetes mellitus as a risk factor for postoperative PE [7] .
Further, when studying the risk of PE among hospital patients with pulmonary disease, Stein et al. found that the impact of chronic obstructive pulmonary disease (COPD) on the relative risk decreased dramatically with increasing age and was only 1.23 in the age group between 60 and 79 years, which represents the age group with the highest incidence in our study. The authors suggested that with the increase of the prevalence of other risk factors with increasing age, the contribution of COPD becomes less relevant [27] .
The diagnosis of coronary artery disease was associated with a decreased risk for in-hospital PE. However, other authors using large databases found that many comorbidities, that on a clinical basis should be associated with increased risk of adverse outcomes, were linked with a lower risk of in-hospital death and complications [4, 9] . One explanation may be that coding bias against chronic diseases that often do not pose an active issue (and thus do not affect billing) may be omitted during a procedureoriented hospital admission. Clinical reasons for such findings may be that patients with diagnosed cardiovascular disease are usually properly studied and optimised prior to surgery; they are also kept under stricter postoperative medical care and monitoring, and are frequently treated with antiplatelet agents, which may decrease the risk of PE [25, 26] . In contrast, patients who have undiagnosed disease (thus not coded in the database) may have worse outcomes.
Complications Peripheral venous thromboembolism, pulmonary complications, ARDS/pulmonary insufficiency after surgery, and psychosis were associated with the highest increase in the odds for in-hospital PE. While it is not possible to say with certainty if the complications studied predated the diagnosis of PE, this information is useful to the clinician in order to anticipate treatment of these associated complications. It becomes apparent that many complications studied are associated with prolonged immobilisation and thus may increase the risk of PE.
Our study is limited by a number of factors associated with secondary data analysis of large administrative databases. Clinical information available in the NHDS is limited and our analysis has to be interpreted in this context. Because of the nature of the NHDS, only inpatient data are available and thus PE after discharge is not captured. Conclusions should be limited to the acute postoperative setting, with the notion that PE and other complications are likely underestimated. As mentioned previously, the inability to identify with certainty if a complication occurred, and thus contributed to PE or vice versa, poses an additional limitation. The bias associated with the retrospective nature of our study has to be mentioned.
Despite a number of limitations, our study of a large nationally representative patient sample undergoing THA and TKA allowed us to identify perioperative risk factors that are associated with an increased risk of in-hospital PE. Our findings may be useful for the allocation of resources and implementation of more aggressive measures to prevent PE in selected patients at risk. 
